12 United States Patent
Van Mil et al.

US009689480B2

(10) Patent No.: US 9.689.480 B2
45) Date of Patent: Jun. 27, 2017

(54)

(71)

(72)

(73)

(%)

(21)
(22)

(65)

(30)

LINEAR ACTUATOR

Applicant: Robert Bosch GmbH, Stuttgart (D.

L.
N—

Inventors: Roel Van Mil, Boxtel (NL); Evert
Mulder, Findhoven (NL)

Assignee: Robert Bosch GmbH, Stuttgart (DE)

Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by O days.

Appl. No.: 14/951,300
Filed: Nov. 24, 2015

Prior Publication Data

US 2016/0153476 Al Jun. 2, 2016

Foreign Application Priority Data

Nov. 27,2014  (DE) .o 10 2014 224 257

(1)

(52)

Int. CIL.
FOIB 9700 (2006.01
Fi16H 25/20 (2006.01
FI15B 15/08 (2006.01
Fl16F 9/06 (2006.01
GO9b 914 (2006.01
F15B 15/20 (2006.01
Fi15B 15/14 (2006.01

U.S. CL
CPC ............ F16H 25720 (2013.01); F15B 15/08
(2013.01); F16F 9/06 (2013.01); G0O9B 9/14
(2013.01); FI5B 2015/1495 (2013.01); FiI5B
2015/206 (2013.01)

L L e N e

k.

o4
- --\.----'-""-.I
S
" L LT RETTNT]
EELEER RN THRNF RyE
o

(38) Field of Classification Search
CPC ............ F15B 15/088; F15B 2015/1419; F15B
2015/206

See application file for complete search history.
(56) References Cited

U.S. PATENT DOCUMENTS

5,944,376 A 8/1999 Buchanan, Jr.
7,397,209 B2* 7/2008 Hiral ..........c.oouu... F15B 15/088

310/112

FOREIGN PATENT DOCUMENTS

DE 11 2005 002 952 T5 9/2007
DE 10 2009 007 958 A1  10/2010
DE 10 2009 007 952 B4 4/2012

* cited by examiner

Primary Examiner — Michael Leslie

(74) Attorney, Agent, or Firm — Maginot, Moore & Beck
LLP

(57) ABSTRACT

A linear actuator for moving a load includes a tubular
actuator housing, which has an end-side housing bottom and
an end-side housing head, a rotatably drivable threaded

spindle which 1s mounted rotatably in the housing bottom of
the actuator housing and extends in an interior of the
actuator housing from the housing bottom in a direction of
the housing head, a piston which comprises a spindle nut,
which 1s in engagement with the threaded spindle, and 1s
guided longitudinally 1n the actuator housing, and a hollow
actuator rod which 1s assembled with the piston, into which
actuator rod the threaded spindle dips, and which actuator
rod protrudes out of the actuator housing on the housing
head. The linear actuator 1s configured such that the actuator
housing 1s filled with pressurized o1l and gas, the o1l and gas
being situated in a single volume.

10 Claims, 3 Drawing Sheets
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1
LINEAR ACTUATOR

This application claims priority under 35 U.S.C. §119 to

patent application no. DE 10 2014 224 257.6, filed on Nov.

2’7, 2014 in Germany, the disclosure of which 1s incorporated
herein by reference 1n 1ts entirety.

BACKGROUND

The disclosure relates to a linear actuator which serves to
move a load. One preferred field of use 1s movement systems
such as driving simulators and tlight simulators, in which a
cab 1s mounted on a platform which can be moved 1n six
degrees of freedom by a total of six identical linear actua-
tors. Linear actuators are known which have a tubular
actuator housing which has an end-side housing bottom and
an end-side housing head, a rotatably drivable threaded
spindle which 1s mounted rotatably in the housing bottom of
the actuator housing and extends in the interior of the
actuator housing from the housing bottom 1n the direction of
the housing head, a piston which comprises a spindle nut,
which 1s 1n engagement with the threaded spindle, and 1s
guided longitudinally in the actuator housing, and a hollow
actuator rod which 1s assembled with the spindle nut, into
which actuator rod the threaded spindle dips, and which
actuator rod protrudes out of the actuator housing on the
housing head.

It 15 also known to equip a linear actuator of this type with
means for compensating for the static load, up to 75% of the
static load being supported, for example, by way of said
means. The remaining proportion of the load 1s absorbed by
the threaded spindle. If a plurality of linear actuators are
provided to carry the load, each linear actuator of course
accepts only a certain proportion of the load. If desired, up
to 100% of the static load can also be compensated for.

In a known linear actuator of the type depicted, the means
for at least partial compensation of the load operate like a
pneumatic spring. The tubular actuator housing 1s sur-
rounded by a further tube, with the result that an annular
space 1s configured which 1s divided by way of a piston into
a gas space and into an o1l space which 1s connected
fluidically to the interior of the actuator housing. The entire
interior space ol the actuator housing and the interior of the
hollow actuator rod which 1s connected fluidically to the
interior space of the actuator housing by way of small radial
bores close to the piston are filled with oi1l. The piston has
ducts, via which the part volumes on both sides of the piston
are connected fluidically to one another, with the result that
o1l can be exchanged between the part volumes.

In the known linear actuator, the means for compensating,
for the load therefore correspond to a hydropneumatic piston
accumulator which 1s assembled 1 a highly integrated
manner with the actual linear actuator.

SUMMARY

The disclosure 1s based on the object of configuring a
linear actuator 1n such a way that compensation for a static
load 1s obtained 1n a very simple and mnexpensive way.

In a linear actuator as disclosed herein, this object 1s
achieved by virtue of the fact that the actuator housing is
f1lled with pressurized o1l and gas, o1l and gas being situated
in a single volume. Here too, the piston has ducts, via which
the part volumes on both sides of the piston are connected
fluidically to one another, with the result that o1l or gas can
be exchanged between the part volumes depending on the
position of the piston. Nitrogen, 1n particular, 1s used as gas.
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The active area which 1s loaded by the pressure for the load
compensation 1s the cross section on the actuator rod, with
which cross section said actuator rod passes through the
housing head of the actuator housing. Depending on the
static load which acts on the actuator, the pressure typically
lies 1n the range between 2 and 21 bar. According to the
disclosure, 1n a linear actuator with load compensation, no
means such as a piston or a diaphragm or a balloon 1s thus
provided, by way of which o1l and gas would be separated
from one another. O1l and gas adjoin one another directly. It
1s to be noted here that linear actuators of the designated type
are typically used in movement systems and stand vertically
here or are inclined only a little with respect to the vertical.
The o1l which 1s situated in the interior of the actuator
housing 1s then collected 1n that region of the housing which
1s situated at the bottom. If the actuator rod protrudes
upward out of the housing head of the actuator housing, the
o1l will collect above the housing bottom of the actuator
housing. This use position of the linear actuator 1s preferred.

It 1s possible that o1l and nitrogen mix and a foam 1s
situated 1n the actuator housing. However, this does not
influence the load compensation or the function of the linear
actuator. In addition, mixing can be largely prevented by
way of the selection of the o1l, by an o1l being used, for
example, which has been developed specifically for the
lubrication of transmissions or axles.

Advantageous refinements of a linear actuator according
to the disclosure can be gathered from the subclaims.

The free volume within the linear actuator changes during,
the retraction and extension of the actuator rod. This 1s due
to the fact that the actuator rod takes up less or more of the
volume of the mterior space of the actuator housing depend-
ing on the position. During the retraction and the extension
of the actuator rod, the pressure therefore also changes 1n
accordance with the gas laws according to an 1sothermal or
adiabatic state change. Optimum compensation of the static
load for every application can be obtained by way of the
selection of the volume proportion which i1s filled by o1l
which can be compressed only a little, and the corresponding
remaining volume proportion which 1s filled with gas. Dur-
ing the normal use, merely checking f the pressure and
possibly a correction, usually an increase 1n the pressure, are
then necessary. It has proven favorable 1f from 30 to 50% of
the actuator housmg 1s filled with gas and from 50 to 70%
1s filled with o1l, 1f, 1n particular, approximately 40% of the
actuator housing is filled with gas and approximately 60% of
the actuator housing 1s filled with o1l when the actuator rod
1s retracted completely.

The o1l serves primarily to lubricate the parts of the linear
actuator which move against one another. The pivot bearing
of the threaded spindle and the threaded spindle/spindle nut
combination are lubricated by the oi1l. The guidance of the
spindle nut on the actuator housing, the guidance of the
actuator rod and all dynamic seals are likewise lubricated.

There 1s preferably an open fluidic connection between
the interior of the actuator housing and the cavity in the
actuator rod while bypassing the threads of spindle and
spindle nut. Although a certain fluid flow between the two
threads 1s also possible, 1t 1s not suflicient to ensure such a
fluid exchange between the cavity 1n the actuator rod and the
interior of the actuator housing that in each case equal
pressures prevail 1n the cavity and in the housing interior.
The additionally open connection i1s therefore advanta-
geously provided.

The open fluidic connection can be produced via at least
one radial bore 1n the hollow actuator rod. The open fluidic
connection 1s advantageously configured, however, via the
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piston and an open end of the actuator rod, which open end
dips 1nto the piston. The actuator rod then does not require
any additional machining. Moreover, 1t 1s not weakened by
bores.

The open fluidic connection 1s preferably configured 1n a
siphon-like manner via the piston and the open end of the
actuator rod.

Since, 1n a linear actuator according to the disclosure, the
piston can surface from the o1l and can be moved above the
o1l 1n the gas atmosphere, 1t 1s advantageous ii the piston 1s
configured 1n such a way that the threads on the spindle nut
and spindle, when they are situated above the o1l level, are
lubricated from an o1l supply which 1s carried along by the
piston.

An o1l supply of this type can be obtained 1n a simple way
by virtue of the fact that the thread turns on the spindle nut
of the piston are connected with a supply volume which 1s
configured in the piston and 1s open toward the interior of the
actuator housing at a spacing upstream of the thread turns.

The supply volume can be connected to the fluidic con-
nection between the interior of the actuator housing and the
cavity 1n the actuator rod.

The region of the guide between the piston and the
actuator housing 1s advantageously also lubricated with o1l
from an o1l supply if the piston 1s moved 1n gas atmosphere.
This 1s achieved 1n a simple way by virtue of the fact that the
piston 1s provided, on 1ts outer side which 1s gmided by the

actuator housing, with a turned groove which 1s open on the
end side.

BRIEF DESCRIPTION OF THE DRAWINGS

One exemplary embodiment of a linear actuator according,
to the disclosure 1s shown 1n the drawings. The disclosure
will now be explained 1n greater detail using said drawings,
in which:

FIG. 1 shows the linear actuator partially i a longitudinal
section, and 1n a greatly simplified illustration,

FIG. 2 shows a longitudinal section through the linear
actuator 1n the region of the piston on an enlarged scale, and

FIG. 3 shows a longitudinal section through the linear
actuator 1n the region of the housing head of the actuator
housing on an enlarged scale.

DETAILED DESCRIPTION

As can be seen from FIG. 1, the linear actuator has an
actuator housing 9 with a tube 10, at the one end of which
a housing bottom 11 1s situated and at the other end of which
a housing head 12 1s situated. A threaded spindle 14 1is
mounted rotatably 1n the housing bottom via an anti-friction
bearing 13, which threaded spindle 14 extends with a section
15 which 1s provided with a thread from the anti-friction
bearing 1nto the interior space of the actuator housing 9 1n an
axially non-displaceable manner. Together with further com-
ponents, the housing bottom 11 at the same time forms a
housing 16 for a toothed belt mechanism 17, via which the
threaded spindle 14 can be driven rotationally by an electric
motor 18 which 1s arranged 1n parallel next to the actuator
housing 9. The belt mechanism 17 consists of a first toothed
pulley wheel 19 which 1s seated fixedly so as to rotate with
it on the shait 20 of the electric motor 18 which protrudes
into the housing 16, a second toothed pulley wheel 21 which
1s larger than the first pulley wheel 19 and i1s seated fixedly
sO as to rotate with 1t on a shaft journal 22 of the threaded
spindle 14 which protrudes into the housing 16, and a
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toothed belt 23 which runs over the two pulley wheels 19
and 21. The passage of the shait journal 22 1s sealed by way
of a shaft sealing ring 24.

Furthermore, the linear actuator has an actuator rod 30
which 1s configured as a tube, 1s fastened to a piston 31 in
the interior of the actuator housing 9 and protrudes through
the housing head 12 to the outside. That end of the hollow
actuator rod which 1s situated outside the actuator housing 9
1s closed by way of an adapter 32 which 1s centered with a
collar in the actuator rod and 1s screwed to a flange 33 which
1s screwed onto the actuator rod. A sealing ring 34 1is
arranged between the collar of the adapter 32 and the
actuator rod 30, by way of which sealing ring 34 the interior
of the actuator rod 30 1s sealed to the outside.

The construction of the piston 31 1s apparent 1n greater
detail from FIG. 2. According to said figure, the piston 31
has a sleeve-like guide part 35 with an outer circumierential
groove, 1nto which a guide band 36 1s mserted, by way of
which the piston 31 1s guided longitudinally 1n the actuator
housing 9. A plurality of bores 37 which run 1n the axial
direction are situated in the guide part, through which bores
37 that part volume of the interior of the actuator housing 9
which 1s situated between the wall of the actuator housing
and the actuator rod and the part volume on the other side of
the piston 31 are open fluidically with respect to one another.
From the end side which points 1n the same direction as the
actuator rod 30, a turned groove 38 1s made 1n the guide part
35 up to a small spacing from the groove which receives the
guide band 36, with the result that there 1s an annular
clearance between the actuator housing 9 and the piston 31.

In the center, the sleeve-like guide part 35 of the piston 31
has a projecting collar 39 which 1s provided with an internal
thread and into which the actuator rod 30 which 1s provided
with an external thread over a defined section from its
piston-side end 1s screwed as far as an inwardly projecting
shoulder of the guide part 35. The connection 1s advanta-
geously secured by way of a threaded pin (not shown 1n
greater detail) which 1s radially screwed into the collar 39.

From the side which faces away from the actuator rod 30,
a spindle nut 40 which 1s configured as a flange bushing is
inserted into the guide part 35 of the piston 31 and is
connected fixedly to the guide part 35. With an internal
thread, the spindle nut 40 interacts with the thread of the
threaded spindle 14. During operation, the unit comprising
actuator rod 30 and piston 31 including the spindle nut i1s
secured against rotation by way of the fasteming of the
actuator rod on a load. A rotational movement of the
threaded spindle 14 therefore leads to an axial movement of
piston and actuator rod. The threaded spindle 14 extends
through the spindle nut 40 1nto the actuator rod to a greater
or lesser extent depending on the position of the actuator rod
30.

Distributed at an identical angular offset with respect to
one another, a plurality of axial bores 45 are made 1n the
collar 39 of the guide part 35, which axial bores 45 open on
the mside mto a hollowed-out portion 46 which surrounds
the spindle nut over part of 1ts longitudinal extent. The inner
end side of the spindle nut 1s at a spacing from the one end
of the hollowed-out portion 46, with the result that there 1s
an open siphon-like fluidic connection between the interior
space of the actuator rod 30 and the interior space of the
actuator housing 9 via the axial bores 45 and the hollowed-
out portion 46.

The housing head 12 of the actuator housing 9 comprises
a disk 47 which 1s screwed onto the tubular part of the
actuator housing 9 with a collar 48 which 1s provided with
an 1nternal thread. The disk 47 has a stepped through bore 49
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with a section 50 of large diameter adjacently to the outer
end side which faces away from the interior of the actuator
housing 9 and with a section 51 of smaller diameter adja-
cently to the inner end side which faces the interior of the
actuator housing 9. The diameter of the section 51 1s larger
than the external diameter of the actuator rod 30, however.
From the mmer end side, a guide bushing 52 which 1is
configured as a tlange bushing with a bushing flange 61 1s
inserted into the disk 47, the diameter of which in front of
the bushing tlange 1s slightly smaller than the diameter of the
through bore 49 1n the region of the section 51, and which
guide bushing 52 reaches as far as that end side of the disk
47 which faces away from the interior of the actuator
housing 9. On the 1nside, the guide bushing 52 1s provided
with annular grooves, into which two guide bands 53 and 54
which interact with the actuator rod, a sealing ring 55 which
seals the gap between the guide bushing and the actuator rod
in a gastight manner, and a stripper 36 are inserted. The outer
diameter of the bushing flange 61 of the guide bushing 52 1s
slightly smaller than the inner diameter of the tube 10 of the
actuator housing 9. The gap 1s sealed by way of a sealing
ring 57. On account of the selected dimensions, there 1s an
annular space 62 between the guide bushing 52 and the wall
of the section 50 of the through bore 49, which annular space
62 1s covered with a thin plate 60, in order that 1t does not
become contaminated.

The bushing flange 61 of the guide bushing 52 1s at a
spacing from that end side of the disk 47 which faces the
interior of the actuator housing 9, with the result that there
1s an annular clearance 58 between the disk 47 and the
bushing flange 61. Said clearance 58 1s ventilated to the
outside via radial bores 59 in the disk 47. The inner diameter
of the bushing flange 61 1s somewhat larger than the outer
diameter of the collar 39 on the piston 31, with the result that
there 1s an annular space 63 between the bushing flange 61
and the actuator rod, mnto which annular space 63 the collar
39 can dip. The annular space 63 and the collar 39 on the
piston therefore allow the provision of the necessary thread
length for fastening the actuator rod, without the stroke of
the actuator rod 30 being shortened by the bushing flange 61.

A plurality of (four in the present case, for example, for
a defined payload) honeycomb-like annular segments 70
which are spaced apart from one another uniformly and are
made from an aluminum material are inserted into the
annular space 62, which annular segments 70 are held 1n
their positions distributed over the circumierence of the
annular space 62 on their radial outer side by way of an
adhesive on the disk 47. A plurality of (four 1n the present
case, for example) honeycomb-like annular segments 71
which are spaced apart from one another uniformly and are
made from an aluminum material are inserted into the
annular space 38, which annular segments 71 are held 1n
theirr positions distributed over the circumiference of the
annular space 58 on their radial outer side by way of an
adhesive on the tube 10. The annular segments 70 and 71
serve as deformation elements for the conversion of kinetic
energy into deformation energy if the actuator rod moves 1n
an uncontrolled manner 1n an emergency or in the case of a
malfunction of the linear actuator. The annular segments 70
and 71 are therefore the buller elements which are denoted
thus further above 1n the exemplary embodiment. The annu-
lar segments 71 are designed differently from the annular
segments 70, and have, for example, a shorter maximum
deformation path than the annular segments 70. In the case
of a greater payload, more than four (for example, eight)
annular segments can be situated in the annular spaces 58
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6

and 62, with an area which 1s then twice as large as in the
case of four annular segments.

Other cross-sectional shapes than the shape of an annular
segment are also concervable for the buller elements, for
example a circular-cylindrical shape or a parallelepiped
shape.

If the actuator rod 30 retracts 1n an uncontrolled manner
in the case of a malfunction, the flange 33 1mpacts on the
guide bushing 52 and via the plate 60 on the deformation
clements which are situated in the annular space 62, and 1s
decelerated, the guide bushing 52 being pushed inward and
the deformation elements being deformed. If the actuator rod
30 extends i1n an uncontrolled manner in the case of a
malfunction, the piston 31 impacts on the bushing flange 61
of the guide bushing 52 and displaces the bushing flange and
therefore the guide bushing counter to the force which 1s
necessary for deforming the deformation elements which are
situated 1n the annular space 58. Here, air which 1s situated
in the annular space can escape through the bores 59.

The bufler force depends on what angular region of the
annular spaces 58 and 62 1s filled by deformation elements
and how the deformation elements are configured. If an
annular space 1s to be filled completely, this can be achieved
by way of a single annular deformation element.

The entire interior space of the linear actuator 1s filled
with dry nitrogen and oil, there being no dividing element
which would separate the nitrogen and the oil from one
another. In the case of a completely retracted actuator rod,
approximately 60% of the interior space 1s filled with o1l and
approximately 40% 1s filled with nitrogen. In FIG. 1, the o1l
level 1n the case of a vertical operating position of the linear
actuator 1s 1indicated by the dashed line 75. The nitrogen 1s
filled via a valve 65 and 1s subjected to a pressure which 1s
selected depending on the magnitude of the load. The
relatively small volume of nitrogen means that the inner
pressure 1n the actuator 1s discernibly higher 1n the case of
a retracted actuator rod than in the case of an extended
actuator rod. The acceleration and extension of the actuator
rod counter to the weight of the payload are assisted by the
high mner pressure in the actuator. During retraction of the
actuator rod, the weight acts in the movement direction of
the actuator rod. The lower inner pressure 1n the actuator
inhibits the acceleration of the payload to a lesser extent.

The inner pressure also acts on the guide bushing 52 and
secures 1t 1 an axial position, in which the bushing flange
61 bears against the deformation elements 71 which are
situated 1n the annular space 58 and, via said deformation
clements 71, against the disk 47. The guide bushing 52 can
therefore run easily 1n the disk 47 and 1n the tube 10.

The linear actuator 1s preferably provided for applica-
tions, 1n which only limited angles with respect to the
vertical are inclined, the actuator rod protruding upward out
of the actuator housing, with the result that the o1l 1s situated
above the housing bottom 11. The gas 1s situated above the
oil. During operation, the piston 31 can be dipped com-
pletely 1nto the o1l or can be situated completely or partially
above the o1l level. As a result of the siphon-like design of
the connection between the interior space of the actuator
housing 9 with the axial bores 45 and as a result of the turned
groove 38 on the outside of the guide part 35 of the piston
31, two storage spaces for o1l are provided, in which o1l 1s
provided even when the piston 31 is situated above the o1l

level. It 1s therefore ensured, even 11 the piston 31 moves 1n
the gas, that the threads of the threaded spindle 14 and the
spindle nut 40 and the guide band 36 are lubricated with oil.

LIST OF DESIGNATTONS

9 Actuator housing,
10 Tube of 9
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11 Housing bottom

12 Housing head

13 Anti-friction bearing
14 Threaded spindle
15 Section of 14

16 Housing

17 Toothed belt mechanism
18 Electric motor

19 Pulley wheel

20 Shaft of 18

21 Pulley wheel

22 Shait journal of 14
23 Toothed belt

24 Shaft sealing ring
30 Actuator rod

31 Piston

32 Adapter

33 Flange

34 Sealing ring

35 Guide part of 31
36 Guide band

37 Bores

38 Turned groove

39 Collar of 35

40 Spindle nut

45 Axial bores i 35
46 Hollowed-out portion i 35
47 Disk of 12

48 Collar of 47

49 Through bore 1 47
50 Section of 49

51 Section of 49

52 Guide bushing

53 Guide band

54 Guide band

535 Sealing ring

56 Stripper

57 Sealing ring

58 Annular space

59 Radial bores

60 Plate

61 Bushing flange on 52
62 Annular space

63 Annular space

65 Valve

70 Bufler elements

71 Buller elements

75 O1l level

What 1s claimed 1s:

1. A linear actuator for moving a load comprising:

a tubular actuator housing including an end-side housing
bottom and an end-side housing head, the actuator
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housing filled with pressurized o1l and gas, the o1l and
gas being situated 1n a single volume;

a rotatably drivable threaded spindle mounted rotatably 1n
the housing bottom and extending in an interior of the
actuator housing from the housing bottom 1n a direction
of the housing head;

a piston mcluding a spindle nut 1n engagement with the
threaded spindle and guided longitudinally 1n the actua-

tor housing; and
a hollow actuator rod assembled with the piston, into

which actuator rod the threaded spindle dips, and which
actuator rod protrudes out of the actuator housing on

the housing head.
2. The linear actuator according to claim 1, wherein:

from 30 to 50 percent of the actuator housing 1s filled with

gas, and

from 50 to 70 percent of the actuator housing 1s filled with

o1l.

3. The linear actuator according to claim 2, wherein:

approximately 40 percent of the actuator housing 1s filled

with gas when the actuator rod 1s retracted completely,
and

approximately 60 percent of the actuator housing 1s filled

with o1l when the actuator rod 1s retracted completely.

4. The linear actuator according to claim 1, wherein an
interior of the actuator housing 1s in open fluidic commu-
nication with a cavity in the actuator rod through an open
fluidic communication path, wherein the open fluidic com-
munication path does not extend through the spindle nut.

5. The linear actuator according to claim 4, wherein the
open fluidic communication path extends from an open end
of the actuator rod through the piston.

6. The linear actuator according to claim 35, wherein the
open fluidic communication path extends downwardly and
upwardly.

7. The linear actuator according to claim 1, wherein
threads on the spindle nut and the threaded spindle, when
they are situated above the o1l level, are lubricated from an
o1l supply which 1s carried along by the piston.

8. The linear actuator according to claim 7, wherein an
inner region of the spindle nut which 1s provided with thread
turns 1s connected to a supply volume which 1s configured 1n
the piston and 1s open towards the interior of the actuator
housing at a spacing above the thread turns.

9. The linear actuator according to claim 8, wherein the
supply volume 1s connected to an open fluidic communica-
tion path between the interior of the actuator housing and a
cavity 1n the actuator rod.

10. The linear actuator according to claim 1, wherein the
piston 1s provided, on 1ts radial outer side which 1s guided by
the actuator housing, with a turned groove which 1s open on
an end side.
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